A comparative analysis of detection mechanisms for emotion detection by Balakrishnan, Vimala et al.
$FRPSDUDWLYHDQDO\VLV RIGHWHFWLRQPHFKDQLVPV IRU HPRWLRQ
GHWHFWLRQ
9LPDOD%DODNULVKQDQ0DULDQ&\QWKLD0DUWLQ:DQGHHS.DXU$PLU-DYHG
)DFXOW\ RI &RPSXWHU 6FLHQFH DQG ,QIRUPDWLRQ 7HFKQRORJ\ 8QLYHUVLW\ RI 0DOD\D .XDOD
/XPSXU0DOD\VLD
)DFXOW\RI&RPSXWHU6FLHQFHDQG,QIRUPDWLRQ7HFKQRORJ\&DUGLII8QLYHUVLW\:DOHV8QLWHG
.LQJGRP
YLPDODEDODNULVKQDQ#XPHGXP\
$EVWUDFW 7KLV SDSHU FRPSDUHG WKH SHUIRUPDQFH RI HPRWLRQ GHWHFWLRQ PHFKDQLVPV XVLQJ
GDWDVHW FUDZOHG IURP )DFHERRN GLDEHWHV VXSSRUW JURXS SDJHV 7R EH VSHFLILF VWULQJEDVHG
0XOWLQRPLDO1DwYH%D\HV DOJRULWKP15&(PRWLRQ/H[LFRQ (PROH[ DQG ,QGLFR$3,ZHUH
XVHGWRGHWHFWILYHHPRWLRQVSUHVHQWLQ)DFHERRNSRVWVQDPHO\IHDUMR\VDGDQJHUDQG
VXUSULVH %RWK DFFXUDF\ DQG )VFRUH PHDVXUHV ZHUH XVHG WR DVVHVV WKH HIIHFWLYHQHVV RI WKH
DOJRULWKPVLQGHWHFWLQJWKHHPRWLRQV)LQGLQJVLQGLFDWHVWULQJEDVHG0XOWLQRPLDO1DwYH%D\HV
WR RXWSHUIRUP ERWK (PROH[ LH  YV  DQG ,QGLFR$3, LH  YV  )XUWKHU
DQDO\VLVDOVRUHYHDOHGHPRWLRQVVXFKDVMR\IHDUDQGVDGQHVVWREHRIWKHKLJKHVWIUHTXHQFLHV
IRU WKH GLDEHWHV FRPPXQLW\ ,PSOLFDWLRQV RI WKH ILQGLQJV DQG HPRWLRQV GHWHFWHG DUH IXUWKHU
GLVFXVVHGLQWKLVSDSHU
 ,QWURGXFWLRQ
(PRWLRQ'HWHFWLRQ('RUDQDO\VLVFRQFHUQVWKHFRPSXWDWLRQDOVWXG\RIQDWXUDOODQJXDJHH[SUHVVLRQV
LQUHFRJQL]LQJYDULRXVHPRWLRQVIURPWH[WVXFKDVMR\WUXVWIHDUVXUSULVHDQGVDGQHVVDPRQJRWKHUV
> @ ,Q UHFHQW \HDUVPRUH XVHUV IUHHO\ VKDUH WKHLU RSLQLRQV VXJJHVWLRQV DQG H[SHULHQFH RQ VRFLDO
PHGLD SODWIRUPV DQG WKXV JHQHUDWLQJ D ORW RI VWXGLHV RQ VHQWLPHQW DQG HPRWLRQ DQDO\VLV ZLWK
DSSOLFDWLRQVLQVRFLDOVFLHQFHV>@EXVLQHVV>@PHGLFDO>@SROLWLFV>@HWF
1HYHUWKHOHVVUHVHDUFKRQWKHXVHRIVRFLDOPHGLDIRUKHDOWKUHODWHGSXUSRVHVLVOLPLWHGSDUWLFXODUO\
LQ PLQLQJ XVHUV¶ HPRWLRQ (PRWLRQ LV GHHPHG WR EH SRZHUIXO HOLFLWRUV DQG LQGLFDWRUV RI KXPDQ
PRWLYDWLRQDODQGSHUFHSWXDOVWDWHVZLWKHYLGHQFHVGRFXPHQWLQJWKHFRQWDJLRXVHIIHFWVLQVRFLDOPHGLD
DUH GXH WR XVHUV¶ HPRWLRQDO VWDWHV WKDW DUH RIWHQ WUDQVPLWWHG IURP RIIOLQH WR RQOLQH OLIH >@ )RU
H[DPSOH GHSUHVVLRQ DQ[LHW\ DQG GLVWUHVV KDYH EHHQ FRPPRQO\ UHSRUWHG DPRQJ GLDEHWLFV >@ $
VWXG\DQDO\VLQJ)DFHERRNGLDEHWHVFRPPHQWVIRXQGDOPRVWRISRVWVIHDWXUHGDQHIIRUWE\WKH
SRVWHUWRSURYLGHHPRWLRQDOVXSSRUWWRRWKHUPHPEHUV>@
(' LV RIWHQ SHUIRUPHG XVLQJ WZR PDLQ WHFKQLTXHV LQFOXGLQJ 0DFKLQH /HDUQLQJ 0/ ZKLFK
H[WUDFWV IHDWXUHV XVLQJ D FULWHULRQ RU D FRPELQDWLRQ RI FULWHULD DQG OH[LFRQEDVHG DSSURDFK WKDW
LQYROYHV WKH XVH RI GLFWLRQDULHVZLWKPDSSHGZRUGV WR HPRWLRQV 3RSXODU0/ DOJRULWKPV LQFOXGH
5DQGRP )RUHVW 1DwYH %D\HV DQG 6XSSRUW 9HFWRU 0DFKLQH ZKHUHDV RWKHU WRROV DQG PHFKDQLVPV
LQFOXGH WKH15&(PRWLRQ/H[LFRQRU(PROH[ >@0LFURVRIW$]XUHSURGXFWVDQG ,QGLFR$3,7KH
FXUUHQW VWXG\ DLPV WR FRPSDUH WKH SHUIRUPDQFH RI WKUHH GLIIHUHQW W\SHV RI PHFKDQLVPV L 0/
DSSURDFKXVLQJVWULQJEDVHG0XOWLQRPLDO1DwYH%D\HVLLOH[LFRQEDVHG(PROH[DQGLLL,QGLFR$3,
ZKLFKLVDSXEOLFWRRO
:HWDUJHWHGWKHRQOLQH)DFHERRNGLDEHWHVFRPPXQLW\FRPSULVLQJRIDOOWKUHHW\SHVRIGLDEHWHVZLWK
WKHIROORZHUVLQFOXGLQJSDWLHQWVDQGFDUHJLYHUVHJSDUHQWVVRFLDOZRUNHUVHWF'LDEHWHVLVRQHRI
WKHODUJHVWJOREDOKHDOWKFRQFHUQZLWKDOPRVWPLOOLRQSHRSOHDJH\HDUVGLDJQRVHGZLWKWKH
GLVHDVHZRUOGZLGHDQGWKLVQXPEHULVH[SHFWHGWRLQFUHDVHWRPLOOLRQE\>@
7KHUHPDLQGHURIWKHSDSHULVVWUXFWXUHGDVIROORZV6HFWLRQSUHVHQWVWKHEDFNJURXQGRQ('DQG
WKH PHFKDQLVPV UHODWHG WR WKH VWXG\ 7KLV LV IROORZHG E\ WKH UHVHDUFK PHWKRGRORJ\ ZKLFK
HQFRPSDVVHV WKH FRUSXV (' DSSURDFK DQG WKH HYDOXDWLRQ RI WKH SURSRVHG DSSURDFK 5HVXOWV DQG
GLVFXVVLRQDUHSUHVHQWHGLQ6HFWLRQ
 %DFNJURXQG
(PRWLRQ DQDO\VLV LV RIWHQ SHUIRUPHG XVLQJ WZR PDLQ WHFKQLTXHV WKDW LV OH[LFRQDSSURDFK ZKLFK
LQYROYHVWKHXVHRIGLFWLRQDULHVWKDWKDYHPDSSHGZRUGVWRVSHFLILFHPRWLRQVHJ6HQWL:RUG1HWRU
WKH PDFKLQHOHDUQLQJ DSSURDFK ([DPSOHV RI WKH IRUPHU DSSURDFK LQFOXGH ZRUNV RI >@ ZKR
FRPSDUHGYDULRXV OH[LFRQV WRGHWHFW IRXUSULPDU\HPRWLRQVLH DQJHU IHDU MR\DQGVDGQHVVXVLQJ
WH[WXDOVRXUFHVUDQJLQJIURPIDLU\WDOHVWRQHZVKHDGOLQHVDQGDXWKRUVZKRGHWHFWHGHPRWLRQVEDVHG
RQ VRFLDO PHGLD VRXUFHV > @ 2Q WKH RWKHU KDQG 5HIHUHQFH >@ SURSRVHG D NH\ZRUGEDVHG
HPRWLRQ ILOWHULQJPHFKDQLVP WKDW LGHQWLILHVSRVWVFRQWDLQLQJ VRPH IRUPRI HPRWLRQXVLQJNH\ZRUGV
EDVHGRQWKH15&(PRWLRQ/H[LFRQ(PROH[(PROH[LVDOH[LFRQFRQVLVWLQJRIZRUGVZLWK
HLJKWEDVLFHPRWLRQVLHDQJHUIHDUDQWLFLSDWLRQWUXVWVXUSULVHVDGQHVVMR\DQGGLVJXVW
7KHPDFKLQHOHDUQLQJDSSURDFKRQWKHRWKHUKDQGFODVVLILHVWH[WXVLQJV\QWDFWLFDQGRUOLQJXLVWLF
IHDWXUHV>@DQGLVEDVHGRQDVHWRIFROOHFWHGGDWDWRWUDLQWKHFODVVLILHUV7KHUHIRUHWKHDSSURDFKLV
KLJKO\ GHSHQGHQW RQ WKH DYDLODELOLW\ RI ODEHOOHG RU DQQRWDWHG GDWDVHWV 3RSXODU PDFKLQHOHDUQLQJ
DOJRULWKPVXVHG LQHPRWLRQDQDO\VLVDUH6XSSRUW9HFWRU0DFKLQHV>@ ORJLVWLF UHJUHVVLRQV>@
DQG&RQYROXWLRQDODQG5HFXUUHQW1HXUDO1HWZRUN>@6WXGLHVWKDWKDYHXVHGVWULQJYHFWRUZLWK
NQHDUHVWQHLJKERXU.11DOJRULWKPIRXQGLPSURYHGWH[WFODVVLILFDWLRQRIFRPSDUHGWRXVLQJWKH
WUDGLWLRQDO PHWKRG RI QXPHULFDO YHFWRUV >@ 5HIHUHQFH >@ SURSRVHG D VWULQJEDVHG 01% WKDW
FRQYHUWVHDFKSRVWLQWRDVWULQJRIYHFWRUVWRPDSWKHZRUGVDURXQGWKHZRUGLGHQWLILHGDVDQHPRWLRQ
XVLQJEDJRIZRUGVFRQFHSWZLWKUHVXOWVVKRZLQJLPSURYHGHPRWLRQFODVVLILFDWLRQVDVZHOO
$OWHUQDWLYHO\ WKHUHDUHPDQ\HVWDEOLVKHGDQGIUHHO\DYDLODEOHDSSOLFDWLRQSURJUDPPLQJLQWHUIDFHV
$3,V WKDW VXSSRUW WH[W HPRWLRQ DQG LPDJH DQDO\VLV RIWHQ SURYLGHG E\ JLDQW FRUSRUDWLRQV VXFKDV
,%0DQG*RRJOHDPRQJRWKHUV2QHVXFKH[DPSOHLVWKH,QGLFR$3,ZKLFKXVHVDGYDQFHGPDFKLQH
OHDUQLQJ WHFKQLTXHV VXSSRUWLQJ YDULRXV IXQFWLRQV VXFK DV WH[W DQDO\WLFV VHQWLPHQW DQDO\VLV LPDJH
DQDO\VLVDQGHPRWLRQUHFRJQLWLRQ
7KHSUHVHQWVWXG\DLPVWRFODVVLI\XVHUV¶XQVWUXFWXUHGRQOLQHFRPPXQLFDWLRQLQWRWKHLUUHVSHFWLYH
HPRWLRQVDQG WRFRPSDUH WKHSHUIRUPDQFHRI WKUHH LGHQWLILHGPHFKDQLVPVQDPHO\(PROH[ VWULQJ
EDVHG01%DQG,QGLFR$3,
 0HWKRGRORJ\
7KLV VWXG\ LV SDUW RI D PXFK ODUJHU VWXG\ ORRNLQJ LQWR WKH FRPPXQLFDWLRQ SDWWHUQV RI WKH RQOLQH
GLDEHWHV FRPPXQLW\ 7KLV VHFWLRQ SUHVHQWV WKH SURFHVVHV UHTXLUHG IRU WKH HPRWLRQ DQDO\VLV
HPSKDVL]LQJRQWKHGLDEHWHVFRUSXVSUHSDUDWLRQHPRWLRQFODVVLILFDWLRQDQGWKHHYDOXDWLRQSURFHVV
$ 'LDEHWHV&RUSXV
:H JDWKHUHG GDWD IURP )DFHERRN E\ WDUJHWLQJ WKH RQOLQH GLDEHWHV FRPPXQLW\ XVLQJ )DFHERRN
*UDSK$3,3UHSURFHVVLQJLQFOXGHGWKHUHPRYDORIVSDPVHPRMLVPLVVSHOOHGZRUGVHWFUHVXOWLQJLQ
DWRWDORISRVWV2IWKHVHDSSUR[LPDWHO\SRVWVZHUHVHOHFWHGIRUIXUWKHU3DUWRI6SHHFK
326WDJJLQJWRNHQL]DWLRQVWRSZRUGUHPRYDODQGVWHPPLQJXVLQJWKH6WDQGDUG&RUH1/3SDUVHU
2XW RI WKHVH   SRVWV ZHUH UDQGRPO\ DQQRWDWHG E\ VHYHQ DQQRWDWRUV FRPSULVLQJ RI PHGLFDO
SUDFWLWLRQHUVDQGOLQJXLVWVZLWKDQLQWHUFRGHUUHOLDELOLW\RI
% (PRWLRQ'HWHFWLRQ
7KUHH PHFKDQLVPV ZHUH WHVWHG EDVHG RQ WKH FXUDWHG GLDEHWHV GDWDVHW )LUVW (PROH[ FRQWDLQLQJ
PDSSHG ZRUGV WR HPRWLRQV ZHUH XVHG WR GHWHFW ILYH SULPDU\ HPRWLRQV QDPHO\ DQJHU IHDU MR\
VDGQHVVVXUSULVH6HFRQGWKHSRVWVZHUHSDVVHGWKURXJKWKHVWULQJEDVHG01%VHHIXUWKHUGHWDLOVLQ
>@(PROH[SURYLGHVVHYHUDOHPRWLRQVIRUDSRVWZKHUHDVWKHVWULQJEDVHG01%VHOHFWVWKHHPRWLRQ
ZLWK WKHKLJKHVW LQWHQVLW\IRUD ILQDOFODVVLILFDWLRQ)LQDOO\ ,QGLFR$3,ZRUNVE\GHWHFWLQJHPRWLRQV
DQGUHWXUQLQJDVHWRIILYHVFRUHVIRUDSRVWZLWKWKHKLJKHVWVFRUHLQGLFDWLQJWKHVWURQJHVWHPRWLRQ
7KHUHIRUHIRUVDPSOHSRVWDVEHORZ
0\ERG\KDVQ
WPDGHLQVXOLQVLQFHEXWWKHJRYHUQPHQW0HGLFDUHHYHU\\HDUPDNHVPHKDYHD
EORRGWHVWWRVHHLIP\ERG\LVPDNLQJDQ\+RZPDQ\WLPHVGR,KDYHWRWHOOWKHP,GRQ
WPDNHDQ\
LQVXOLQ
(PROH[GHWHFWVDQJHUVDGDQGVXUSULVHZKHUHDVVWULQJEDVHG01%FODVVLILHVWKHSRVWDVDQJHU
,QGLFR $3, UHWXUQV DQJHU  MR\  IHDU  VDG  DQG VXUSULVH  :H
SHUIRUPHG WKH ILQDO HPRWLRQ FODVVLILFDWLRQ E\ FDWHJRUL]LQJ WKH VDLG SRVW EDVHG RQ WKH KLJKHVW VFRUH
KHQFHWKHVHQWHQFHDERYHZLOOEHFODVVLILHGDVDQJHU
& (YDOXDWLRQ
)RU HYDOXDWLQJ WKH HIIHFWLYHQHVVRI WKHHPRWLRQGHWHFWLRQPHFKDQLVPVSRVWVZHUH UDQGRPO\
VHOHFWHG:HXVHGERWKDFFXUDF\DQG)VFRUHLHDKDUPRQLFEDODQFHEHWZHHQUHFDOODQGSUHFLVLRQ
ZLWKDKLJKHU VFRUH IRUERWK WKHPHWULFV LQGLFDWLQJDEHWWHUFODVVLILFDWLRQ$GGLWLRQDOO\DZHEEDVHG
WH[WUHDGLQJDQGDQDO\VLVHQYLURQPHQWFDOOHG9R\DQWZDVXVHGWRLGHQWLI\WKHWRSWRSLFVGLVFXVVHGLQ
WKHIRUPRIZRUGFORXGV 
 5HVXOWVDQG'LVFXVVLRQ
)LJXUH(PRWLRQIUHTXHQFLHV
)LJXUH  LOOXVWUDWHV WKH FODVVLILFDWLRQ EUHDNGRZQ IRU WKH ILYH HPRWLRQV EDVHG RQ WKH DYHUDJH
FODVVLILFDWLRQVIRUDOOWKUHHPHFKDQLVPV*HQHUDOO\LWFDQEHREVHUYHGWKDWVDGQHVVHPHUJHGDVWKHWRS
QHJDWLYHHPRWLRQIROORZHGE\DQJHUZKHUHDVMR\UDQNHG WRSIRUWKHSRVLWLYHHPRWLRQV)LJXUHDQG
7DEOHEHORZGHSLFWWKHWRSWRSLFVZRUGVGLVFXVVHGDPRQJWKHFRPPXQLW\
)LJXUH7RSWRSLFVIRUHDFKHPRWLRQ
7DEOH7RS7HQ7RSLFV)RU(DFK(PRWLRQ
6DG 6XUSULVH -R\ )HDU $QJHU
:RUGV 1 :RUGV 1 :RUGV 1 :RUGV 1 :RUGV 1
(DW  2'  &DQ  (DW  'LDEHWHV 
7LPH  (DW  (DW  &DQ  6XJDU 
6XJDU  ,QVXOLQ  'LDEHWHV  'LDEHWHV  +HOS 
<HDU  'LDEHWHV  ,QVXOLQ  +HOS  3HRSOH 
+HOS  7\SH  &DUEV  3HRSOH  .QRZ 
&DUE  &DUE  *RRG  6XJDU  <HDUV 
3HRSOH  :HLJKW  )RRG  %ORRG  +LJK 
%ORRG  'LDEHWLF  6XJDUV  &DUEV  %ORRG 
:DWHU  :RPHQ  :DWHU  (DWLQJ  %URNHQ 
%URNHQ  7HVW  0HWHU  )RRG  :DWHU 
/RRNLQJDWWKHWRSLFVZRUGVVXFKDVHDWGLDEHWHVVXJDULQVXOLQDQGKHOSVHHPHGWRDSSHDUDFURVVDOO
HPRWLRQV)RUH[DPSOHWKHVDPSOHSRVWVEHORZZHUHH[WUDFWHGIRUWKHWRSLF³HDW´
)HHOLQJJXLOW\DERXW\RXUIRRGFKRLFHVFRXOGDFWXDOO\KDYHDELJJHULPSDFWRQ\RXUPHWDEROLVPWKDQ
WKHIRRG\RX
UHHDWLQJ6XUSULVH
,FRPSOHWHO\V\PSDWKL]H,OLNHHJJVEXWQRWHQRXJKWRHDWWKHPHYHU\GD\,DOVRVSLNHLQWKHPRUQLQJ
HYHQZLWKRQHSLHFHRIZKROHZKHDWWRDVW6DG
6XJDUIUHHSXGGLQJ,XVHGWRHDWVXJDUFKRFRODWHSXGGLQJ	PL[VRPHSHDQXWEXWWHUZLWKLWDQGKDYH
DVOLFHGDSSOHWRGLSLWLQIRUDVQDFN-R\
:D\WRRRRPDQ\FDUEVDQGVXJDUVIRUVRPHRQHZLWKGLDEHWHVWRHDW   HDW WKLV\RX
OOKDYHDPDMRU
VXJDU VSLNH   ZHLJK WKH SURV DQG FRQV LVHDWLQJ D SLHFH RI WKLV FDNHZRUWK ORVLQJD WRH RU \RXU
H\HVLJKW" )HDU
7RSLFV IRU MR\ZHUHPRVWO\ UHODWHG WR D JRRG GLHW FDUEV HWF VXJJHVWLQJ WKDW WKHPDMRULW\ RI WKRVH
HPRWLQJ MR\DUHSUREDEO\VKDULQJ WKHLU VXFFHVVIXO UHFLSHVRU OLIHVW\OHFKDQJHVDQGSURYLGLQJPHQWDO
DQG HPRWLRQDO VXSSRUW WR RQH DQRWKHU 7KLV LV YHU\PXFK LQ OLQHZLWK VWXGLHV WKDW IRXQG )DFHERRN
JURXSV WR VHUYH DV HIIHFWLYH DYHQXHV WR FRQQHFW VKDUHNQRZOHGJHDQGSURYLGHSHHU VXSSRUW WRHDFK
RWKHU>@6DPSOHSRVWVEHORZSURYLGHVXSSRUWWRWKLVILQGLQJ
+RZFDQ,KHOSVXSSRUWDIULHQGZKRLVQHZO\GLDJQRVHGZLWK7\SHGLDEHWHV"
2QO\JRIFDUEVLQWKLV\XPP\GLVK(QMR\LWZLWKVRPHOHIWRYHU7KDQNVJLYLQJWXUNH\LQVWHDGRI WKH
VDXVDJH
)LQDOO\ 7DEOH  VKRZV WKH FRPSDUDWLYH SHUIRUPDQFH IRU DOO WKUHH PHFKDQLVPV EDVHG RQ WKHLU
DFFXUDFLHV DQG )PHDVXUHV 01%VWULQJ RXWSHUIRUPHG DOO WKH RWKHU PHFKDQLVPV UHJDUGOHVV RI WKH
HPRWLRQVGHWHFWHG7KLV LVSUREDEO\GXH WR WKHUHGXFHGGLPHQVLRQDOLW\ WKDWKHOSV WRPDWFKDWWULEXWHV
ZLWKLQ WKH WH[W E\ UHPRYLQJ DWWULEXWHV WKDW DUH RWKHUZLVH FRQVLGHUHG XVHOHVV )RU H[DPSOH LQ WKLV
VWXG\ WKH IRFXVZDV RQZRUGV WKDW FDQ EH DVVRFLDWHGZLWK HPRWLRQV KHQFH DWWULEXWHV OLNH ³DSSHDU
SKDUPDFHXWLFDOVHWF´ZHUHGURSSHGE\WKHDOJRULWKPLQRUGHUWRUHGXFHRYHUILWWLQJDQGSURGXFHPRUH
DFFXUDWHUHVXOWV,QGLFR$3,KDGWKHSRRUHVWFODVVLILFDWLRQSHUIRUPDQFH
7DEOH(PRWLRQ'HWHFWLRQ(IIHFWLYHQHVV
(PRWLRQ
(PROH[ 01%VWULQJ ,QGLFR$3,
$FFXUDF\ )PHDVXUH $FFXUDF\ )PHDVXUH $FFXUDF\ )PHDVXUH
6XUSULVH      
6DGQHVV      
-R\      
)HDU      
$QJHU      
$YHUDJH      
 &RQFOXVLRQ
7KH VWXG\ DQDO\VHG KXPDQ HPRWLRQV EDVHG RQ RQOLQH FRPPXQLFDWLRQ DPRQJ GLDEHWHV FRPPXQLW\
XVLQJWKUHHGLIIHUHQWPHFKDQLVPVQDPHO\DVWULQJYHFWRUEDVHG01%(PROH[DQGDOVR,QGLFR$3,
*HQHUDOO\ ILQGLQJV LQGLFDWH WKHPDFKLQHOHDUQLQJ WHFKQLTXH WRKDYHRXWSHUIRUPHGERWK(PROH[DQG
WKH$3,ZLWKDQDYHUDJHDFFXUDF\RIDQG)VFRUHRI0RUHRYHUWKHPDMRULW\RIWKHSRVWV
ZHUHIRXQGWREHMR\IXOIROORZHGE\DQJHUDQGVDGQHVVSUREDEO\IXUWKHUDWWHVWLQJWRWKHVHYHULW\RI
WKH GLVHDVH VWXGLHG WKDW LV GLDEHWHV 7KLV LV DOVR VXSSRUWHG E\ WKH WRS WRSLFV LGHQWLILHG WKDW ZHUH
PRVWO\UHODWHGWRWKHGLVHDVHDQGLWVLPSOLFDWLRQVDQGDOVRWKHVXSSRUWRQHSURYLGHVWRHDFKRWKHULQ
WKHFRPPXQLW\
 $FNQRZOHGJPHQW
:HZRXOGOLNHWRH[WHQGRXUKHDUWIHOWJUDWLWXGHWR8QLYHUVLW\RI0DOD\D*UDQW>53&6%6@IRUVXSSRUWLQJ
WKLVVWXG\DQGDOVRWRWKHKXPDQH[SHUWVZKRDVVLVWHGLQPDQXDOO\DQQRWDWLQJWKHGDWDVHW
5HIHUHQFHV
 0HGKDW:+DVVDQ$	.RUDVK\+6HQWLPHQWDQDO\VLVDOJRULWKPVDQGDSSOLFDWLRQV$VXUYH\
$LQ6KDPV(QJLQHHULQJ-RXUQDO
 7URPS((	3HFKHQL]NL\005XOHEDVHGHPRWLRQGHWHFWLRQRQVRFLDOPHGLDSXWWLQJWZHHWV
RQ3OXWFKLN
VZKHHO5HWULHYHGIURPKWWSUHSRVLWRU\WXHQO
 2HOGRUI+LUVFK $ 	 6XQGDU 6 6  3RVWLQJ FRPPHQWLQJ DQG WDJJLQJ (IIHFWV RI VKDULQJ QHZV
VWRULHVRQ)DFHERRN&RPSXWHUVLQ+XPDQ%HKDYLRU
 =HOO$/	0RHOOHU/ $UH\RXKDSS\ IRUPHRQ)DFHERRN"7KHSRWHQWLDO LPSRUWDQFHRI OLNHV
DQGFRPPHQWV&RPSXWHUVLQ+XPDQ%HKDYLRU&
 .DXU: 	 %DODNULVKQDQ 9  ,PSURYLQJ VHQWLPHQW VFRULQJ PHFKDQLVP D FDVH VWXG\ RQ DLUOLQH
VHUYLFHV,QGXVWULDO0DQDJHPHQW	'DWD6\VWHPV
 'DL=<DQJ=<DQJ)&RKHQ:	6DODNKXWGLQRY5XVODQ*RRG6HPLVXSHUYLVHG/HDUQLQJ
WKDW5HTXLUHVD%DG*$1VW&RQIHUHQFHRQ1HXUDO,QIRUPDWLRQ3URFHVVLQJ6\VWHPV1,36
 <DQJ=<DQJ''\HU&+H;6PROD$	+RY\(+LHUDUFKLFDO$WWHQWLRQ1HWZRUNVIRU
'RFXPHQW&ODVVLILFDWLRQ3URFHHGLQJVRI1$$&/+/7±
 6DQGRYDO$OPD]DQ 5 	 9DOOH&UX] '  )DFHERRN LPSDFW DQG VHQWLPHQW DQDO\VLV RQ SROLWLFDO
FDPSDLJQV ,Q3URFHHGLQJVRI WKHWK$QQXDO ,QWHUQDWLRQDO&RQIHUHQFHRQ'LJLWDO*RYHUQPHQW5HVHDUFK
*RYHUQDQFHLQWKH'DWD$JHSS$&01HZ<RUN
 7DQGRF ( & )HUUXFFL 3 	 'XII\ 0  )DFHERRN XVH HQY\ DQG GHSUHVVLRQ DPRQJ FROOHJH
VWXGHQWV,VIDFHERRNLQJGHSUHVVLQJ"&RPSXWHUVLQ+XPDQ%HKDYLRU±
 1RZODQ-6:XWKULFK905DSHH50.LQVHOOD-0	%DUNHU*$$&RPSDULVRQRI
6LQJOH6HVVLRQ3RVLWLYH5HDSSUDLVDO&RJQLWLYH5HVWUXFWXULQJDQG6XSSRUWLYH&RXQVHOOLQJIRU2OGHU$GXOWV
ZLWK7\SH'LDEHWHV&RJQLWLYH7KHUDSK\DQG5HVHDUFK±
 *UHHQH-$&KRXGKU\1..LODEXN(	6KUDQN:+2QOLQHVRFLDOQHWZRUNLQJE\SDWLHQWV
ZLWK GLDEHWHV D TXDOLWDWLYH HYDOXDWLRQ RI FRPPXQLFDWLRQ ZLWK )DFHERRN-RXUQDO RI JHQHUDO LQWHUQDO
PHGLFLQH
 0RKDPPDG 6 0 	 7XUQH\ 3 '  &URZGVRXUFLQJ D ZRUG±HPRWLRQ DVVRFLDWLRQ OH[LFRQ
&RPSXWDWLRQDO,QWHOOLJHQFH
 2JXUWVRYD.GD5RFKD)HUQDQGHV-+XDQJ</LQQHQNDPS8*XDULJXDWD/&KR10DNDURII
/,')'LDEHWHV$WODV*OREDOHVWLPDWHVIRUWKHSUHYDOHQFHRIGLDEHWHVIRUDQG'LDEHWHV
UHVHDUFKDQGFOLQLFDOSUDFWLFH
 .LP609DOLWXWWL$	&DOYR5$ (YDOXDWLRQRIXQVXSHUYLVHGHPR WLRQPRGHOV WR WH[WXDO
DIIHFW UHFRJQLWLRQ ,Q 3URFHHGLQJV RI WKH 1RUWK $PHULFDQ &KDSWHU RI WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO
/LQJXLVWLFV+XPDQ/DQJXDJH7HFKQRORJLHV1$$&/+/7:RUNVKRSRQ&RPSXWDWLRQDO$SSURDFKHV
WR $QDO\VLV DQG *HQHUDWLRQ RI (PRWLRQ LQ 7H[W SS ± /RV $QJHOHV &DOLIRUQLD $VVRFLDWLRQ IRU
&RPSXWDWLRQDO/LQJXLVWLFV
 )DUQDGL*6LWDUDPDQ*5RKDQL0.RVLQVNL06WLOOZHOO'0RHQV0HWDO+RZDUH\RX
GRLQJ" (PRWLRQV DQG SHUVRQDOLW\ LQ IDFHERRN ,Q 3UR FHHGLQJV RI QG :RUNVKRS RQ (PRWLRQV DQG
3HUVRQDOLW\LQ3HUVRQDOL]HG6HUYLFHV(03,5(ZRUNVKRSDWWKHQG&RQIHUHQFHRQ8VHU0RGHOOLQJ
$GDSWDWLRQDQG3HUVRQDOL]DWLRQSS±$DOERUJ'HQPDUN
 0RVWDID00 0RUH WKDQZRUGV 6RFLDO QHWZRUNV¶ WH[WPLQLQJ IRU FRQVXPHU EUDQG VHQWLPHQWV
([SHUW6\VWHPVZLWK$SSOLFDWLRQV±
 5REHUWV.5RDFK0$-RKQVRQ-*XWKULH-	+DUDEDJLX60(PSDWZHHW$QQRWDWLQJDQG
GHWHFWLQJHPRWLRQVRQ WZLWWHU,Q3URFHHGLQJVRI (LJKWK,QWHUQDWLRQDO&RQIHUHQFHRQ/DQJXDJH5HVRXUFHV
DQG(YDOXDWLRQSS,VWDQEXO7XUNH\
 0RKDPPDG60=KX;.LULWFKHQNR6	0DUWLQ-6HQWLPHQWHPRWLRQSXUSRVHDQGVW\OHLQ
HOHFWRUDOWZHHWV,QIRUPDWLRQ3URFHVVLQJ	0DQDJHPHQW±
 .UHEV)/XEDVFKHU%0RHUV76FKDDS3	6SDQDNLV*6RFLDO(PRWLRQ0LQLQJ7HFKQLTXHV
IRU)DFHERRN3RVWV5HDFWLRQ3UHGLFWLRQ,Q3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO&RQIHUHQFHRQ$JHQWVDQG
$UWLILFLDO,QWHOOLJHQFHSS)XQFKDO0DGHLUD3RUWXJDO
 &RUD]]D00HQLQL6$UVODQ36SUXJQROL5&DEULR(7RQHOOL6	9LOODWD6&RPSDULQJ
'LIIHUHQW 6XSHUYLVHG $SSURDFKHV WR +DWH 6SHHFK 'HWHFWLRQ ,Q 3URFHHGLQJV RI 7KH 6L[WK (YDOXDWLRQ
&DPSDLJQRI1DWXUDO/DQJXDJH3URFHVVLQJDQG6SHHFK7RROVIRU,WDOLDQ(9$/,7$7XULQ,WDO\
 -R 7 D /RQJ WH[W VHJPHQWDWLRQ E\ VWULQJ YHFWRU EDVHG .11 3DSHU SUHVHQWHG DW WKH WK
,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHG&RPPXQLFDWLRQ7HFKQRORJ\,&$&7SS,(((
 .DXU: -DYHG $PHU %DODNULVKQDQ 9 %XUQDS 3 	 5DKLP + 0DSSLQJ +XPDQ (PRWLRQV
XVLQJ .H\ZRUG %DVHG (PRWLRQ )LOWHU DQG 6WULQJ 9HFWRUV 3URFHHGLQJV RI WKH 'DWD 6FLHQFH 5HVHDUFK
6\PSRVLXP'DWD$QDO\WLFVDQGLWV$SSOLFDWLRQVSS
 3RXQGV*+XQW'	.RWH\NR1([SUHVVLRQRIHPSDWK\LQD)DFHERRNEDVHGGLDEHWHVVXSSRUW
JURXS'LVFRXUVH&RQWH[W	0HGLD±
